Among the heaviest elements, the actinides have been among the most fascinating and challenging elements for computational chemistry. 1 Quantum chemical calculations on these elements must include relativistic effects and the most accurate way of including these effects is through the fourcomponent Dirac equation.
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Central in the four-component calculations is the analytic approximation where one-electron functions are expanded in a finite basis set of Gaussian basis functions. It is known for some time that the four-component basis set expansion, or Dirac-Fock-Roothan ͑DFR͒ method, often meets variation collapse, 3, 4 which results in a calculated DFR total energy lower than the corresponding numerical value. When Faegri developed four-component family sets, 5 he found a small variation collapse and called it prolapse. The prolapse, for instance, can be understood as an instability due to poor description of spinors near the nucleus and becomes more critical as Z increases. 5, 6 The inconvenience with prolapse is that it may cause convergence problems 7 in the selfconsistent-field ͑SCF͒ procedure, may lead to wrong results 8 or may interfere into the value of dissociation energy in fourcomponent correlated calculations. 9 Although much effort has been made by Faegri, In this short paper, we report relativistic basis sets for actinides and elements from 81 Tl up to 89 Ra that are prolapse-free for practical purposes. The method used here to generate the basis sets has been described previously 16 The idea is to obtain basis sets where the absolute values of the energy difference between the Dirac-Fock-Roothan ͑DFR͒ total energy E͑DFR͒ and the corresponding numerical value 18 E͑NDF͒ are at a millihartree order of magnitude and sufficiently compact in size to restrain the prolapse to be smaller than ͑or close to͒ 1 mH ͑approximately 0.6 kcal/ mol͒ when it occurs, resulting in a good balance between cost and accuracy. Table I summarizes the DFR total energies E͑DFR͒ in hartrees, their errors ⌬E relative to the numerical E͑NDF͒ values ͓⌬E = E͑DFR͒ − E͑NDF͔͒ in millihartrees, basis set size ͑GTFs͒, and the variation of the energy in millihartrees due to addition of a single tight S function ͑⌬S + , prolapse test 6, 19 ͒. Also given in Table I are the electronic configuration for each element and its atomic mass value used to derive the corresponding exponential parameter . Our basis sets have almost half of the number of GTFs compared to the available prolapse-free basis sets in literature 14 for these elements. The largest ⌬E was found to 85 At ͑6.70 mH or 4.26 kcal/ mol͒, the smallest for the 87 Fr ͑1.81 mH or 1.14 kcal/ mol͒ and for all elements the prolapse is lower or close to 1 mH. For the actinides, with the exception of Pa and U, the prolapse is negligible ͑at order of 10 −5 H͒. Compared to values of an explicit non-prolapse-free basis set where the prolapse test is available, 12, 6 our basis sets are much more stable, accurate, and reliable. Our new basis sets, in addition to the fact that are explicit prolapsefree, are also smaller and have similar quality of ⌬E values at millihartree order of magnitude when compared with the previous universal set. 13 A MICROSOFT EXCEL spreadsheet with the Gaussian ex- 
